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PROCESS FOR THE PREPARATION OF
INDANAMINE DERIVATIVES AND NEW
SYNTHESIS INTERMEDIATES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a 371 of PCT/IB2016/050249 filed
Jan. 19, 2016, which claims the benefit of Italian Patent
Application No. MI2015A000045 filed Jan. 20, 2015.

BACKGROUND OF THE INVENTION

Indacaterol 1s the international nonproprietary name of the
compound (R)-5-[2-[(5,6-diethyl-2,3-dihydro-1H-1inden-2-
yl)amino]-1-hydroxyethyl]-8-hydroxyquinolin-2(1H)-one,
having the following formula:

Indacaterol 1s a drug acting as selective agonist of beta-2
receptors and 1s recommended in the bronchospasm and in
other bronchial pathological conditions such as bronchial
asthma and chronic obstructive pulmonary disease.

Some synthesis of the indacaterol are known which make
use of 4,5-diethyl-1H-1nden-2-yl-amine with the following
formula

NH,.

or N-substituted derivatives thereof, in particular the
N-benzyl derivative, as key mtermediates. Said intermedi-
ates are usually produced starting from the indanamine after
protection of the amine group. For example, WO03/076387
describes the preparation of 4,5-diethyl-1H-inden-2-yl-
amine starting from the indanamine protected with trifluo-
roacetyl, by means of two consecutive Friedel-Crafts reac-
tions, each of them followed by the reduction of the
introduced ketone group. The above indicated process has
the drawback of requiring the 1solation and purification of

the compounds obtained after each individual reaction step,

thus resulting 1n a process complexity related to the several
1solations of the intermediates and, obviously, 1n a yield loss.

Moreover, the preparation of the derivative wherein R 1s
a benzyl group 1s described starting from the 4,5-diethyl-
1H-inden-2-yl-amine, whose amine group i1s reacted with
benzyl chloride and then subjected to reduction, according,
to the following scheme:
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NH, —»
NHBz ——»
N X
‘ NHEn
N P
Bz = benzoyl
Bn = benzyl

As 1t can be noted, the preparation of the benzyl derivative
reported above requires two additional reaction steps, which
allect the economy of the synthesis and determines higher
costs, 1n particular 1n the case of industrial production.

WO 00/75114 describes the preparation of 4,5-diethyl-
1 H-inden-2-yl-amine starting from diethylbenzene; the pro-
cess results 1n very low vields and, i addition, the starting
compound (diethylbenzene) 1s particularly expensive. These

drawbacks make the process described in WOO00/75114 of
no industrial interest.

Therefore, there 1s the need of finding a synthesis of the
compounds of formula (I) which 1s of simple realization and

does not require complex 1solation and purification steps of
the intermediates.

OBIECTS OF THE INVENTION

It 1s an object of the present invention to provide a process
for the preparation of 4,5-diethyl-1H-inden-2-yl-amine or a
N-derivative thereof which provides excellent yields and
purity, while not necessarily requiring the isolation and
purification of all the intermediate compounds.

It 1s another object of the nvention to provide new
versatile intermediate derivatives that can be used in the
preparation of 4,5-diethyl-1H-inden-2-yl-amine or an N-de-
rivative thereot, or as mtermediates 1n the synthesis of other
chemical compounds.

DESCRIPTION OF THE INVENTION

It has been found that it 1s possible to prepare the
4,5-diethyl-1H-inden-2-yl-amine or the N-derivatives
thereol or the salts thereof, by means of a simple synthesis
starting from the indanol.

Therefore, according to one of 1ts aspects, subject-matter
of the ivention 1s a process for the preparation of a
compound of formula (I)

(1)
AN

‘ NHR

F

or salts thereof, wherein R 1s a hydrogen atom or an amine

protecting or activating group, comprising the following
steps from (a) to (g) according to the following scheme (I):



US 10,059,653 B2

Scheme (1)

R
\ }OH
N

(1D (11D

O—>Pr
O—Pr (e)
O

(VID)

l(f)
N X
(D=
N N

(g)
(VIID)

(VD)

(IX)

wherein R 1s as defined above, Pr 1s a protecting group of
the oxygen which 1s not cleavable by hydrogenation and X
1s a leaving group for a nucleophilic substitution. In par-
ticular, 1t 1s a subject-matter of the invention a process for
the preparation of a compound of formula (I)

(D

NHR

or the salts thereol, wherein R 1s a hydrogen atom or an
amine protecting or activating group, comprising:

(a) protecting the hydroxy of the compound of formula

(II) to obtain the compound of formula (I1I);

(b) carrying out a Friedel Crafts reaction on the compound
of formula (III) to obtain the compound of formula
(IV);

(¢) reducing the compound of formula (IV) to obtain the
compound of formula (V);

(d) carrying out a Friedel Crafts reaction on the compound
of formula (V) to obtain the compound of formula (VI);

(¢) reducing the compound of formula (VI) to obtain the
compound of formula (VII);

(1) deprotecting the hydroxy of the compound of formula
(VII) to obtain the compound of formula (VIII);

(g) introducing the X leaving group in place of the
hydroxy to obtain the compound of formula (IX);

(h) reacting the compound of formula (XI) with a com-
pound of formula R—NH, to obtain the compound of
formula (I) and optionally converting it into a salt
thereof.

As “protecting group of the oxygen which 1s not cleavable
by hydrogenation” it 1s meant herein to denote a protecting,
group which 1s not removed by the reduction reaction of the
first ketone group introduced with the Friedel-Crafts reac-
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(IV)

l(ﬂ)

mO_PT

(V)

T -
NHR
\/\/

(1)

————

(b)

—————

(d)

———

(h)

tion. Such protecting groups include acetyl, trifluoroacetyl
and benzoyl and substituted benzoyls with deactivating
substituents for the Friedel-Crafts reaction.

A preferred protecting group according to the present
invention 1s the acetyl group.

As “X leaving group for a nucleophilic substitution™ 1t 1s
meant herein to denote a group allowing the nucleophilic
substitution on the compound (VIII). Such groups include
methanesulfonate, p-toluenesulfonate, benzenesulionate,
tritluoromethanesulionate and halogens, for example chlo-
rine and bromine. A preferred X group according to the
present invention 1s the methanesulifonate group (also known
as mesylate group).

The “amine protecting or activating group’ includes ben-
zyl and substituted benzyl, the latter being for example
substituted with electron donating groups, the unsubstituted
benzyl being a preferred group.

In step (a) the hydroxy protection can be carried out
according to the techniques known to one skilled 1n the field,
advantageously with an acyl halide, for example acetyl

chloride which 1s not expensive and easily removable.
Moreover, the use of the acetyl chloride avoids the 1solation
of the compound of formula (11I) and allows to carry out step
(a) and step (b), 1.e., the Friedel-Cratts reaction, as a one-pot
reaction, without therefore 1solating the intermediate com-
pound.

The Friedel-Crafits reaction of step (b) 1s carried out in the
presence of an acyl halide, advantageously acyl chloride and
a Lewis acid, for example AICI, according to the known
techniques. Preferably, the acetyl-indanol/acyl halide/Lewis
acid molar ratios are about 1/2-4/1.5-3.5, more preferably
1/3/2.5. The reaction temperature can range from —-15° C. to
+10° C., advantageously between -10° C. and +0° C., for
example about -10° C.

When the reactions of steps (a) and (b) are carried out as
a one-pot reaction, the acetyl-indanol/acyl halide/Lewis acid
molar ratios are preferably 1/4/2.5.
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The dilution of the reaction bulk 1n step (b) can vary from
4 to 11 volumes, preferably 4-6 volumes of solvent, with
respect to the starting product. It has been unexpectedly
noted that by carrying out the reaction at low temperature,
for example lower than 0° C., advantageously lower than
-3¢ C., for example about —10° C., and by reducing the
amount of solvent used, 1t 1s possible to half the formation
of the undesired 1somers (i.e., the compounds wherein the
group introduced by the Friedel-Crafts reaction 1s in the 3
and 6 positions). As a matter of fact 1t has been observed that
a dilution of 4-6 volumes (with respect to the starting
compound) allows to obtain an improvement 1n the yields of
the desired compound with respect to what 1s obtained by
using bigger solvent volumes. It can be easily understood
that, 1n addition to a significant increase of the reaction yield,
this involves also a reduced use of solvent which, from an
industrial point of view, leads to a significant saving by
reducing the costs of the raw material and disposal. This
result 1s unique and unexpected.

The reduction reaction of step (¢) can be carried out
according to any possible known technique, for example the
catalytic hydrogenation of the ketone 1n a suitable solvent,
for example 1n an alcohol or 1n acetic acid, for example 1n
cthanol, optionally with the addition of acetic acid, and by
using Pd/C as catalyst. An example of a preferred hydroge-
nation of the step (¢) 1s provided 1n the Experimental Section
below.

In step (d), the Friedel Craits reaction of step (b) 1s
repeated 1n order to introduce the second substituent, pret-
erably under the conditions described above.

Unless desired, it 1s not necessary to 1solate the interme-
diate of formula (V1) and the following reduction reaction of
step (e), advantageously carried out according to the proce-
dures described 1n step (c¢), can be carried out on the raw
product of the reaction of step (d).

The compound (VII) may also not be 1solated and the
deprotection reaction of step (1) can be carried out on the raw
product of the reaction according to any method known in
the art, for example 1n a solvent such as an alcohol, 1n a
weakly basic environment. By way of example, the reaction
can be carried out by heating a mixture of the raw product
of the reaction of step (e) 1n ethanol, 1n the presence of an
alkaline metal carbonate.
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As an alternative to step (1), 1t 1s possible to carry out the
hydrogenation step (e) under an acidic pH, for example in
the presence of acetic acid, at temperatures of about 60-70°
C. In this case, the compound of formula (V1) 1s reduced and
deprotected at the same time, directly providing the com-

pound of formula (VIII).

The compound (VIII) obtained from the reaction of step
(¢) under the above described conditions or from step (1),
when carried out, may not be 1solated and purified and 1t 1s
possible to proceed to the reaction of step (g) directly on the
raw product of the reaction.

The step (g) can be carried out according to the methods
known 1n the art, for example from the mixture of the
compound (VIII) 1n a suitable solvent, 1n a basic environ-
ment, for example by addition of an amine, such as diiso-
propylethylamine and by adding the desired reagent to
obtain the X group. By way of example, 11 1t 1s desired to
obtain the compound (VIII) wherein X 1s a methanesul-
fonate, p-toluenesulionate, benzenesulionate, trifluorometh-
anesulfonate group and the like, 1t 1s possible to use a
methanesulfonyl, p-toluenesulionyl, benzenesulionyl or tri-
fluoromethanesulionyl halide, the halide being preferably
chloride.

Alternatively, if 1t 1s desired to obtain the compound
(VIII) wherein X 1s a halogen atom, 1t will be possible to use
conventional halogenating agents, including HX; therefore,

in the case of chlorine, 1t will be possible to use a conven-
tional chlorinating agent, such as HCIl, SOCI1,, PCl;, PCl.,

and the like.

According to a preferred embodiment, X 1s selected from
methanesulfonate and p-toluenesulfonate, advantageously
methanesulionate.

The compound of formula (IX) 1s preferably 1solated and
purified according to known methods and 1s converted into
the compound of formula (I) by reacting with the desired
amine of formula NH,R 1n step (h). When the reaction 1s
carried out with ammoma or benzylamine, 1t 1s preferably
performed without any solvent, by simply heating the mix-
ture of the compound of formula (IX) and of the amine.

According to a preferred embodiment, the process of the
invention 1s carried out according to the following scheme

(1I):

Scheme (1)

‘/\37 ‘ N
OH ——
N @ NS
O—Ac -~
_ | @
l(f’) . O
/\‘ AN ' /\‘ AN
OH| —
NN _ &) N N

R

O
N o] NN
\/ O Ac- ) ‘ /\/ O—PAc
l(ﬂ’)
O—Ac - O—Ac
d) L _
O—Ms — ™ NH—Bn

(h')
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wherein

Ac=acetyl, Ms=mesyl and Bn=benzyl.

According to a particularly preferred embodiment, the
process ol Scheme (1I) 1s carried out by combining together
steps (a') and (b") and by carrying out the reaction of step (e')
under acidic environment and at a temperature of about
60-70° C. to avoid step (1) according to the following
scheme (11I):

5

Scheme (111)

O

o g )J\
‘ D*OH @)+ (b)
7 \

(d')

—— o

(g)

N
‘ OH
N

With respect to known synthesis, for example the synthe-
s1s described 1n WOO03/076387, the process of the invention
allows to obtain the compounds of formula (I) in an original

and even easier way, by using the specific sequence 1f
reactions described above which involve cheap reagents and

do not require the 1solation and purification of the individual
intermediates. As a matter of fact, 1n performing the process
described in WOO03/076387, it 1s necessary to 1solate and
crystallize nearly all of the intermediates obtained from the
various steps, whereas 1n the synthesis subject-matter of the
invention 1t 1s necessary to 1solate only the compounds (IV)
and (IX) (see Scheme (I1)). These turther treatments signifi-
cantly aflect yields and industrial costs and also for these
reasons the process of the mvention 1s a technical advance-
ment with respect to the known art.

If desired, however, such mtermediates can be obviously

1solated and purnified.
The compounds of formula (VII), (VIII), (IX), (X) and

(XD)

(X)

/

‘ O—Ac

\

(XD)
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wherein Ac 1s an acetyl group, are new and represent a
further subject-matter of the present invention.

According to a preferred embodiment, in the compound
of formula (IX), X 1s selected from a halogen atom, a
methanesulfonate group, a p-toluenesulfonate group, a ben-
zenesulfonate group and a trifluoromethanesulionate group.

According to a particularly preferred embodiment, X 1s
selected from a chlorine atom, a methanesulionate group, a

e
OQ=—Ms (hr) mNH—BH

p-toluenesulfonate group, a benzenesulfonate group and a
tritluoromethanesulionate group.

A particularly preferred compound of formula (IX) 1s the

compound wherein X 1s a methanesulfonate group.

Subject-matter of the invention, according to another of
the aspects thereotf, 1s a process for the preparation of a
compound of formula (VIII) comprising carrying out the
reactions of steps (a) to (1) as defined above.

Subject-matter of the invention, according to another of
the aspects thereotf, 1s a process for the preparation of a
compound of formula (IX) comprising carrying out the
reactions of steps (a) to (g) as defined above.

If desired, 1t 1s possible to convert the compound of
formula (I) into a salt thereol, for example into the hydro-
chloride, according to the methods known 1n the art.

A Turther subject-matter of the invention 1s the use of the
compound of formula (I) or a salt thereof obtained by the

process described herein and claimed for the preparation of
the 1indacaterol.

It 1s also a subject-matter of the invention the use of at

least one compound selected from the compounds of for-
mula (VII), (VIII), (IX), (X) and (XI) as defined above for
the preparation of the indacaterol.

It 1s a further subject-matter of the invention a process for
the preparation ol a compound of formula (I) as defined
above, or a salt thereof, comprising:

introducing the group of formula Pr' on the hydroxy of a
compound of formula (VIII)
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(VIID)

)

(-
OH
NN\

to obtain the compound of formula (IX)

X
\/\/
reacting the compound of formula (IX) with a compound
of formula R—NH, wherein R 1s as defined above, to obtain
the compound of formula (I) and optionally converting 1t
into a salt thereof.
According to a preferred embodiment, 1n the process

above X 1s selected from methanesulionate, p-toluenesul-

fonate, benzenesulfonate and trifluoromethanesulfonate and
a halogen atom, advantageously chlorine.

According to another preferred embodiment, 1n the pro-
cess described above R 1s hydrogen or benzyl.

(IX)

Experimental Section

Definitions

UPLC/MS ultra-performance liqud chromatography
coupled to mass spectrometry detector

DIPEA dusopropylethylamine

DCM dichloromethane

1IPrOAc 1sopropyl acetate

IPA 1sopropyl alcohol

CG gas chromatography

Steps (a)+(b)

21.2 ml (298.32 mmols) of AcCl are charged into a flask,
cooled to 0° C. and 10 g (74.58 mmols) of indanol are added
during about 10 minutes. The bath 1s removed and left under
stirring for 1 h. 24.8 g (186.45 mmols) of AICI, are charged
into a three-neck flask, 70 ml of DCM are added followed
by cooling at 0° C. The indanol solution i1s then added
dropwise 1nto the suspension of AICI; 1n DCM. It 1s stirred
for 45 min. The control 1s done by UPLC/MS. The reaction
1s added dropwise mto 200 ml of water and 35 ml of
concentrated HCI, while keeping the temperature below 25°
C. It 1s stirred for 45 minutes. The phases are separated, the
aqueous phase 1s extracted once with 100 ml of DCM. It 1s
washed with 100 ml of water, dried over sodium sulfate and
concentrated to a small volume. Recrystallization 1s carried
out from heptane/1PrOAc: 4/1 (50 ml).

Step (¢)

50.3 g (230.5 mmols) of the raw product of the reaction
obtained 1n the preceding reaction are dissolved 1n 522 g of
cthanol, the hydrogenator 1s charged and 5 g of Pd/C are
added. It 1s brought to 25 bars at ambient temperature. The
hydrogenation 1s carried out until the completion of the
reaction (GC control) followed by catalyst filtration on

cellulose. It 1s concentrated under vacuum to a small vol-
ume.

Step (d)

18.22 g (133.6 mmols) of AICI; are charged into a flask
and 55 ml of DCM are added. It 1s cooled to 0° C. and 11.65

ml (161 mmols) of AcCl are added dropwise while keeping,
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the temperature at 0° C. It 1s stirred for 15 minutes, then 11
g of the raw product of the reaction obtained 1n the preceding
reaction (53.44 mmols) are added while keeping the tem-
perature at 0° C. It 1s stirred for about 1 hour by checking the
evolution by UPLC/MS. The reaction 1s added dropwise 1n
160 ml of cold water and 35 ml of concentrated HCI while
keeping the temperature below 25° C. and stirring for 45
minutes. The phases are separated, the aqueous phase 1s
extracted once with 80 ml of DCM. It 1s washed with 100 ml
of water, dried over sodium sulfate and concentrated to a
small volume.

Step (d)

12.4 g (50.35 mmols) of the raw product of the reaction
obtained in the preceding reaction are dissolved 1n 350 ml of
cthanol, the hydrogenator 1s charged and 1.33 g of Pd/C are
added. It 1s brought to 50° C. and 25 bars and the hydro-

genation 1s carried out until the completion of the reaction.

Step (1)

10.4 g (44.76 mmols) of the raw product of the reaction
obtained 1n the preceding reaction are charged into a flask
and 85 ml of methanol and 35 ml of water are added. 12.4
g (89.52 mmols) of K,CO; are added and 1t 1s leit under
stirring overnight. The completion of the reaction 1s checked
by means of UPLC/MS. It 1s diluted with 35 ml of water,
extracted 2 times with 80 ml of DCM, dried over sodium
sulfate and concentrated to a small volume.

Step (g)
3.508 g (18.43 mmols) of substrate are charged into a

flask and 30 ml of DCM are added. It 1s cooled to 0° C. and
3.852 ml (22.11 mmols) of DIPEA are added dropwise.
1.570 ml (20.27 mmols) of MsCl are added dropwise and 1t
1s stirred until the completion of the reaction, which 1is
checked by means of UPLC. It 1s washed with 20 ml 2M
HCI, the phases are separated, the organic phase 1s washed
with 30 ml of NaHCO, and then with 30 ml of HCI. It 1s
dried over sodium sulfate and concentrated to a small

volume. Crystallization 1s carried out from 1PrOAc/heptane
1:10 (35 ml). Yield: 62% white solid.

Step (h)

2.285 ml (20.9 mmols) of benzylamine are charged into a
flask which 1s heated to 80° C. 1.871 g (6.97 mmols) of the
compound obtained 1n the step (g) are added portionwise
followed by heating to 80° C. The reaction 1s checked by
UPLC/MS. Dilution 1s carried out with 35 ml of DCM
followed by washing with 15 ml of 5% citric acid to remove
the unreacted benzylamine. The phases are separated and the
organic phase 1s washed with 15 ml of 1M NaOH. It 1s
anhydrified and concentrated to a small volume, 1t 1s diluted
with 10 ml of acetone and 700 ul of concentrated HCI are
added dropwise. The precipitate 1s filtered over a Buchner
filter. 1.7 g of a white solid are obtained (Molar y1eld=80%).
The product can be crystallized, for example 1n IPA, for
turther purification. The product contains less than 0.7-0.2%
(GC analysis) of regioisomer.

Overall vield from (a) to (h) 50%.

The mmvention claimed 1s:
1. A process for the preparation of a compound of formula

(1)

()

NHR
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or salts thereof, wherein R 1s a hydrogen atom or an amine
protecting or activating group, comprising:

(a) protecting the hydroxy of the compound of formula

(1)
\ }OH

to obtain the compound of formula (I1I)

(b) carrying out a Friedel Crafts reaction on the compound
of formula (I1I) to obtain the compound of formula (IV)

O
)Jm O Pr

(¢) hydrogenating the compound of formula (IV) to obtain
the compound of formula (V)

(1)

/

\

(I11)

(IV)

(V)

N

O Pr
/

(d) carrying out a Friedel Crafts reaction on the compound
of formula (V) to obtain the compound of formula (VI)

X
‘ :>70—Pr
F

(¢) hydrogenating the compound of formula (VI) to obtain
the compound of formula (VII)

(VD)

(VII)

O—2>Pr

(1) deprotecting the hydroxy of the compound of formula
(VII) to obtain the compound of formula (VIII)
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(VIIT)

OH

(g) introducing the group of formula X to obtain the
compound of formula (IX);

X

N N

(h) reacting the compound of formula (IX) with a com-
pound of formula R—NH, to obtain the compound of
formula (I) and optionally converting it into a salt
thereolf, wherein R 1s as defined above, Pr 1s a protect-
ing group of the oxygen which i1s not cleavable by
hydrogenation and X 1s a leaving group for a nucleo-

philic substitution.

2. The process according to claim 1, wherein Pr 1s selected
from the group consisting of acetate, trifluoroacetate and
benzoate.

3. The process according to claim 1, wherein X 1s selected
from

the group consisting from methanesulionate, p-toluene-

sulfonate, benzenesulifonate, trifluoromethanesul-
fonate, and a halogen atom.

4. The process according to claim 1, wherein steps (a) and
(b) are carried out with an acyl halide and are performed 1n
a one-pot reaction.

5. The process according to claim 1, wherein step (¢) and
step (e) are carried out by hydrogenation, 1n the presence of
a solvent and of a catalyst.

6. The process according to claim 1, wherein step (1) 1s not
performed and in step (e) the ketone 1s reduced and at the
same time the hydroxy group 1s deprotected, to directly
obtain the compound of formula (VIII).

7. The process according to claim 1, wherein 1n step (g)
a mesyl or tosyl halide or a chlorinating agent 1s used.

8. The process according to claim 1, wherein 1n step (h)
a compound of formula R—NH, 1s used.

9. The process according to claim 1, wherein steps (b) and
(d) are carried out at temperatures lower than zero and with
dilutions of 4-6 volumes of solvent with respect to the
starting compound.

10. A process for the preparation of a compound of

formula (VIII)
-
‘ OH
F

comprising carrying out the reactions of steps (a) to (1) as
defined 1n claim 1.
11. A process for the preparation of a compound of

formula (IX)
1T
X
N N

(IX)

(VIIT)

(IX)
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13 14
wherein X 1s a leaving group comprising carrying out the wherein X 1s a leaving group, to obtain the compound
reactions of steps (a) to (g) as defined in claim 1. of formula (IX);

12. The process according to claim 11, wherein X 1s a
methanesulionate group.
13. A process for the preparation of a compound of s (IX)

formula (I) N ‘ N
X
~_

0 7

N X "
‘ NHR reacting the compound of formula (IX) with a com-
N N pound of formula R—NH, to obtain the compound

of formula (I) and optionally converting 1t into a salt

thereol.

15 14. The process according to claim 13, wherein X 1s
selected from the group consisting of a methanesulfonate,
p-toluenesulfonate, benzenesulfonate, trifluoromethanesul-
fonate group and a chlorine atom.

15. The process according to claim 13, wherein R 1s
vy 20 selected from the group consisting of hydrogen and benzyl.
16. The process according to claim 13, wherein X 1s
O selected from the group consisting ol methanesulfonate,
p-toluenesulionate, benzenesulionate, trifluoromethanesul-
fonate, and a halogen atom.

wherein R 1s a hydrogen atom or an amine protecting or
activating group, or a salt thereof, comprising:

introducing the group of formula X on the hydroxy of
a compound of formula (VIII)

G o e = x
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